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EZl?lKTOFUNEVENAIR-l?EQWDISTRIBUTIONTOTHETWININLETSOFAN

AXIAL-FihWLWiETENGINE

By LewisE. Wanner,E. WilliamConrad,andWilliamR. Prince

suMMARY

A briefinvestigationwasconductedintheNACALewisaltitudewind
tunneltodeterminetheeffectsofa 60-40air-flowdistributiontothe
twininletductsofan axial-flowturbojetengine.Datawereobtained

. atratedenginespeedsovera rangeof exhaust-gastemperaturesforaltit-
udes of15,000,30,000,and45,000feetat a flightMachnumberof 0.64.

b Itwasfoundthattheunevenair-flowdistributionproducedby layers
of screeninoneof thetwininletsdidnotappreciablyaffectthetotal-
pressuredistributionat thecompressoroutletorbeyond;however,siza-
bletemperaturegradientswereintroducedthroughouttheengine.The
largepressuredifferencesattheinletandtherelativelyuniformpres-
sureprofileat theoutletindicatedthathalfthecompressoroperated
abovethenormalpressure-ratiorangeandtheotherhalfbelow.At high
altitude,thecompressor-h&Mdownstreamoftheinletblockagescreens
mayhavebeenoperatingin stsllslthoughtheengineoperationas a
wholewasstable.Engineairflowwasreducedbythedistortion,and
thisreduction,combinedwithreducedcomponentefficiencies,resulted
inthrustreductionsofasmuchas 25percent.Noreductionoccurred
incombustionefficiency;however,specificfuelconsumptionwasincreased
substantially.Also,athighaltitudesandcorrectedenginespeeds,
operationatmilitarypowerwaspreventedby theoccurrenceof compressor
surge.

Duringoperationofa
ducting,orofan airplane

INTRODUCTION

turbojetenginewithnonsymmetricalinlet
witha highdegreeof yawor angleofattack,

a nonuniformpressuredistribution=y e=st at thecompressorinlet.-
Forexample,inoneproposeddesignfortheinstallationofa turbojet r

engine,60percentofthetotalairflowissuppliedto oneof thesplit. engine-inletductsand40percenttotheotherduringsomeflightcondi-
tions. Althoughtheeffectsof smallerinlet-airdistortionson en@n~_r ● .
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performancearenegligible,asre~rtedinreference1,m dataare .
availableforinletairdistortionsofthisorderofmagnitude.A brief
studywasthereforemadeintheNACALewislaboratoryaltitudewindtunnel
toevaluatetheeffectsonperformanceofa nonuniformpressureprofile ?-

at theinletofanaxial-flowturbojetengine.

Sufficientfine-meshscreenswereinstalledinoneofthetwininlet
ductsofan engineto causea 60-40air-flowdivisionbetweenthetwo
ducts. Thechangesproducedintheenginepressureandtemperaturedis-
tributions,thecomponentefficiencies,andtheover-allengineperfor-
manceby theunevenair-flowdistributionsareshownherein.Thedata
covera rangeof exhaust-nozzleareasatratedenginespeedandaltitudes
frm 15,000to45,000feetat a flightWch numberof 0.64.

APPARATUS

Engine
.

Themanufacturer’sguaranteedsea-levelstaticperformanceofthe
turbojetenginewhichwasusedintheinvestigationis 7500poundsthrust
ata speedof 7260rpmanda turbine-inletgastemperatureof1425°F. d
Maincomponentsof theengine(fig.1)areann-stageaxial-flowcom-
pressor, a single-annularcombustor,a two-stageturbine,anda continu-
ouslyvariableclam-shell-typeexhaustnozzle.Primarycontrolofthe
enginewasaccomplishedelectronically,witha hydrauliccontrolpro-
vidingemergencyprotection.Theover-alllengthoftheengineis
186inches,themaximumdiameterof engineandaccessoriesis45.5inches,
thewidthis42.25inches,andthetotaldryweightis2980pounds.h
ellipticalairinletsareused(totalareaj4.26sqft),oneon either
sideoftheaccessorygearcase(seefigs.2
jointoforman annulus(area,3.65sq.ft.)
upstreamoftheinletguidevanes.

INSTALLATION

and3). Theairpassages
approximately2 inches

As showninfigure1, theenginewasmountedona wingspanningthe
testsectionofthealtitudewindtunnel.Dryrefrigeratedairwas
suppliedto theenginefromthetunnelmake-upairsystemthrougha duct
connectedtotheengineinlet.Manuallycontrolledbutterflyvalvesin
thisductwereusedtoadjustthetotalairpressuresattheengineinlet,
A slipjointwitha frictionlesssealwasusedintheduct,tomakepossi-
blethemeasurementofthrustanddragwiththetunnelscales.

Instrumentationformeasuringpressuresandtemperatureswasinstalled
at variousstationsintheengine(fig.3] to determinethesteady-state *
performance,A traversemechanismcomprising10 sonic-typethermocouples

“
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. (reference2)wassuppliedby theengine”manufacturerta determine
thegas-temperaturepatternattheturbineinlet.Fine-meshscreens
thatwereinstalledintherightinletductapproximately50 inches-7
upstreamof theengineinletflangecauseda 60-40air-flowdivision

2 betweenthetwoducts.
z

PROCEDURE
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ductlosseswhichwouldaccompanysucha severedistortion,theinletpres-
sure(whichwasusedinthecalculationofnetthrustandflightMachnum-
ber)wasconsideredasthearithmeticaverageofthepressuresinthe
blockedandunblockedductsat station3 (seefig.3). Theeffectsof
inlet-ductpressurelossesonperformancecm howeverbe evaluatedby the
methodspresentedinreference3. Performanceoftheenginetithuniform
andnonuniformpressuredistributionsis compsredonthebasisof a common
arithmeticallyaveragedtotalpressureatthecompressor-inletface.

Theairflowthroughthemake-upairductwasthrottledfromapproxi-
matelysea-levelpressuretoa totalpressureat thecompressorinlet
(station3) correspondingto thedesiredflightMachnuniberat a given
altitude.Thestaticpressureinthetunneltestsectionwasmaintained
to correspondto thedesiredaltitude.Engineinletairtemperatures
wereheldat approximatelyNACAstandardvaluescorrespondingto the
simulatedflightconditions,exceptforhighaltitudesandlowflight
Wch r.uutibers.Inlet-airtemperaturesbelowabout-20°F werenotobtained.

Completeengine-performancedatawereobtainedat thefollowing
operatingconditionswithandwithouttheblockagescreensinstalledand
at severalexhaust-nozzle-sreasettings:

AltitudeFli@t MachCorrectedenginespeedActu_ enginespeed
(ft) nuniber (-) (rPm)

15,000 0.64 7400 7260
30,000 .64 7700 7260
45,000 .64 7790 7260

Compressorsurgepreventedoperationatmilitaryratedtemperature
athighaltitudesaccordingly,themaximumcorrectedenginespeedat
whichmilitarytemperaturecouldbeobtainedwithoutsurgewasdeter-
minedataltitudesfrom37,500to 45,000feet.
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AU symbolsusedinthisreport are definedinappend~xA andthe
.

calculationsaregiveninappendixB.
F

RESULTSANDDISCUSSION

Theair-flowdistributionswiths.ndwithoutthescreensinstalled
areshowninfigure4. Itwillbe notedthatforoperationat allalti-
tudesinvestigated,about62percentof theairflowpassedthroughthe
unobstructedductoverthecompleterangeofturbine-outlettemperatures
(andthereforecompressorpressureratios)covered.Foroperationwith- -$
outblockagescreensinstalled,theairflowwasequallydividedbetween
thetwoducts.

Effectonpressureandtemperaturepattqrns.- Thetendencyofthe
distortion.topersistor dissipateinpassingthroughtheengineis
shownby thedataoffigures5 through Il. Total-pressureprofiles
obtainedwiththreerakesat thecompressoroutletarecompared(fig.5)
foroperationatapproximatelythesameexhaust-gastemperaturewithand“ -
withouttheblockagescreens.Althoughthegeneralpressurelevel .
obtainedwiththescreensinstalledwaslow,thereappearedtobe no
large.changeinthepressuredistributions.Thistnicalplot,indicates

w

thatthecompressorpumpstheairup toa cmgmonexitpressuredespite
thedifferencein inletpressurerequiredto.<obtaigthe60-40air-f+ow
distribution.

Compressor-outlettemperaturesobtainedwithtworakes180°apart
areshownforthesamealtitudeandflightMachnumberinfiWe 6.. -
Thetemperaturesmeasuredby thetworakeswereonly20°F different
whenno inletblockagescreenswereused;butwhenthescreenswere
installedinoneoftheinlets,thetemperaturedifferedby asmuchas
164°F, therakeinlinewiththeblockedductgivingthehighervalues.
Sucha temperaturedistributionwouldbe expectedevenifno changein
compressorefficiencyoccurred,inasmuchas thecompressorpressureratio
acrossthecompressordo-streamof thescreensismuchhigherthanthat
downstreamofthestandardinletduct.

Fora fewconditions,a completesurveyofthetemperaturepattern
at theturbineinletwas obtainedby theuseof10 thermocouplesmounted

-—

on a traversemechanism.A comparisonof figures7 and8 showsthe
effectofblockagescreenson theradialprofile.Symbolsareusedto
denotethe10 circumferentialpositionsatwhichtemperaturetraverses
wereobtained.Themanufacturer’smaximumandminimumallowabletempera-
tureandthestationary-bladecriticaltemperatures.gresuyerimysed
onbothfigures.Thechangeintheaveragetemperaturedistribution._
(indicatedby solidsymbols)isnotlargeand.wouldprobablynotbe
detrimentalto turbinelife. Thespreadbetweentheindividual
thermocouplereadingsincreasedappreciably,particularlynearthe
rootsection.Forthepaintshown,figure8,thelocalmaximum

*T--lki~” ‘
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. hubtemperatureexceededthemanufacturer’slimitby
conformingto thislimitwouldrequirethatthemean

5

about200°F. Thus,
temperaturebe

reducedby aboutthesameamountwitha correspondingreductioninthrust.3

Circumferentialtemperaturepatternsat twobladeheightsarecom-
paredinfigure9 forthesameconditionsshowninfigures7 and8. At
a distanceof 3.5inchesfromthebladeroot,additionof theblockage
screenshadlittleeffecton thetemperaturedistribution.However,
ata distanceof only0.4inchfromtheroot,anextremelyhotregion

2P existedoverat least50°of thecircumferencewhenblockagescreens
m wereinstalled.Althoughtheselocaltemperaturesareappreciablyout=

sidethemaximum-andmltimum-limitcurvesshowninfigure8,theinter-
mittentexposureof therotorbladesmightallowsaferotoroperation
becauseof thethermallagof theblades.Themaximum-temperaturecurve
as dictatedby limitationsof thestatorassemblyisas shownonfig-
ure8, anditwillbe notedthatfortheconditionshowninfigure9
thelocaltemperatureswereforthemostpartwithintheallowa%le
curve.Despitetheseconsiderations,prolongedoperationwouldbe
hazardousbecausetheextremetemperategradientswnuldprobably
causewarpingandeventualfailureof theturbinestatorassembly.

● Total-pressuredistributionsat theturbineoutletarecomparedin
figure10 forthesamedatapointsas figures5 and6. No appreciable
shiftintheradialpatternwasapparent;however,thecircumferential
spreadwassomewhatlargerwiththedistortion,probablyasa resultof
thetemperaturegradientsat theturbineinlet(fig.9). Thelargest
effect,of course,isthemuchlowerpressurelevelthatexistsata
giventurbine-outlettemperaturewheninletblockagescreensareused.
Boththislargereductioninpressureandthesmalllossesin component
efficiency(discussedin subsequentsections)resultinlowerthrustand
higherspecilic.fuelconsumption.

Thetemperaturepatternat theturbineoutlet(fig.11)showedno
largeeffectontheradialpattern;however,thecircumferentialspread
wasgreaterwiththeunevenair-flowdistribution.

Compressorperformance.- Characteristiccurvesforthecompressor
operatingwiththeinletblockagescreensinstalledinoneofthetwin
inletductsarepresentedinfigure12,foraltitudesof15,000,30,000
and45,000feet. Theinletpressureusedto cslculatethepressureratio
andto correcttheairflowthrougheachductisthemass-flowaveraged
pressuremeasured4 inchesupstreamofthecompressorfaceineachof
thetwininletducts.At 15,000feet,increasingtheturbine-inlettem-
perature(bydecreasingtheexhaust-nozzlearea)raisedthecompressor
pressureratioatconstantcorrectedairflowaswouldbe expectedfor
an axial-flowcompressoroperatingatratedenginespeed.However,at. 45,000feet,an increaseinexhaust-gastemperatureproducedpractictiy
no changeinpressureratio,butinsteaddecreasedthecorrectedairflow.

,,”
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At 30,000feet,a transitionoccurswhereinthepressureratiofirst
.

Increasesat constantairflowas theturbine-inlettemperatureis
raised,andthereafterremainsconstantwithdecreasingair-flow.At
allaltitudes,thecorrectedair-flowandthepressureratiowiththe

:.

blockageinstslledwerelessthanthevalueobtainedfornormalcom-
presseroperation.Tohelpexplainthisphenomena,compressorcharac-
teristiclineswerecalculatedforeachhalfofthecompressorusingthe
pressureandtheairsuppliedby theopenductfortheonehelfandthe
pressureandairsuppliedbythescreen-blockedductfortheotherhalf.
Theair-flowvaluesforeachhelfweremultipliedby 2 toputthemon
a comparablebasiswiththestandardcompressor.As showninfigure13,
theresultingcorrectedflowswerenotequal.Althougha reductionin
flowmightbe expectedfortheblockedhalf,no increaseshouldoccur
intheunblockedhalf. Theflowthroughtheunblockedhalfishigher
thanfornormalcompressoroperation,becausethesevaluesaretheflows
throughthetwohalvesof theductrathe~thanthetwohalvesof the
compressor.Itisbelievedthata crossflowoccursjustupstreamof
theinletguidevanesinthespacewherethetwoductsjointoforman
annulus.Thepressuredifferentialavailableto inducesuchcrossflow
wouldproducean initialcrossvelocityoftheorderof 600feetper
secondwheretheductsjoin.Thus,theactualflowthrough bothhalves
ofthecompressorisprobablyclosertothevalueobtainedduringnormal
operationthanthatshowninfigure13. At 15,000feet,thecompressor
curvesarenearlyverticalforbothcompressorhalves;thatis,a “&iall
changeincorrectedairflowoccurredwithincreasingcompressor“pressure
ratio(seefig.13). Althoughthepressureratiosareconsiderably
higherforthecompressorhalfwiththeblockedinletduct,mostof the
valuesarebelowthesurgepressureratio(5.6)forthestandardcom-
pressorattheseconditions.At 45,000feet,thecharacteristiccurve
forthecompressor-halfwiththe“unblocked”inlethasa verysmall
Slopej that is, theairflowdecreaseswithincreasingcompressorpres-
sureratio.However,thecharacteristiccurveforairfromtheblocked
inletis Imrizontalj thatis,increasingtheturbineinlettemperature
decreasedthecorrectedairflowbuthadno effectonthecompressor
pressureratio.Thispressureratioisonlyslightlyhigherthanthe
surgevalueforthestandardcompressoratthisoperatingcondition(6.1).
Theinabilityofthecompressortofurtherincrease pressureratioand
theprogressivereductioninairflowat45,000feetisattributedto
stallinthelatterstageor stagesofthecornpress”or.Whereastheterm
surgeisusedto denotetheviolentlow-frequencyiristabilitycommonly —
experiencedstallIsusedhereinto denotea localflowdisturbance
withinthecompressorsuchthattheengineoperationappearsentirely
normalwhensteady-stateor eventransientinstrumentationwitha linea?i
responseup to30 or40 cyclespersecondisused.Althoughinefficient
instrumentationwasinstalledtopermita definiteexplan=t~ofio-f~ow

;1-----

conditionswithinthecompressor,thefollowingtwoconcepts(ofthe
severalpossible)areadvanced,eitheroneofwhichappearstofitthe

.

resultsobtained: —.—
.4
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. (1)Becauseallthepressureratiosforthe
areat orabovethesurgepressureratioforthe

7

blockedcompressor-half
standardcompressor

configuration,itcanbe assumedthatthelastorlatterstagesare.
operatingina stallcondition.Thechokedflowat theturbinenozzles

wg,5m
requiresthattherelation = constsmtbe maintained.An

‘5

N increaseinturbine-inlettemperature‘5 wouldnormallyresultin
$ hi@er pressueratiosacrossthecompressor,butthestalledlatter
m stagespreventanyriseinpressure;therefore,theairflowisforced

lower.Thisreasoningcannotbe usedon thecompressor-halfwiththe
unblockedinletductbecausethepressureratiois considerablylower
thanthesurgevalue; however,itisconceivablethatsomeofthelow-
energyairfromthestalledcompressor-hsLfremainsintheflowpassages
forpartof thetimethebladerowismovingthroughtheunstalled
compressor-half.Thelowenergyairinpartoftheunstalledcompressor-
halfwouldnotonlyimpairthetotdflowofairthroughitbutwould

. alsoreducetheefficiency;thiswillsubsequentlybe showntobe the
case.

. (2)Whereas,inthefirstconcept,itisassumedthattheblades
of oneormorestagesarestalledina largesingleregionofthecir-
cumferencedownstreamof theblockedidetj thesecondconceptdeals
withlocalstallregionsoccupyingperhapsthetidthof onlya fewblade
passqges,thestallregionrotatingaroundthecompressorat one-third
to one-halftherotorspeedas showninreference4. As discussedin
thisreference,a recirculationisbelievedto existsuchthatthe
reverseflowinonepassageincreasestheangleof incidenceonan
adjacentblade,causingitto stallandtherebypropagatingthesegment
stallaroundtheannulus.

As thepressureratiooftheblockedhalfapproachesthevalue which
producedsurgeinthestandardcompressor,segmentstallappearsinthe
latterstageor stagesandincreasein sizeornumberas theturbine-
inlettemperatureisraised.Becauseof thisincrease,theeffective
flowareaandhencetheairflowis”reduced.Surgedoesnotoccur
becauseof a momentuminterchangealongtheboundaries,andalsobecause
of thefactthatthesegment-stallregionsrotate.Sucha stallregion
wouldprobablyoriginatedownstreamof theblockagescreenswherethe
pressureratioishighanddisappearas itrotatedintothelightly
loadedregionof theunblockedcompressor-half.Thepassageof these
rotatingsegmentstallareasintoorthroughtheunblockedhalfaccounts
forthedecreasedmassflowandefficiencyobservedforthecorresponding
halfofthecompressor.

. It shouldbe notedthat,evenwiththeunusualcompressorcharac-
teristicsshown,inwhichstallregionsapparentlyexistforan etiensive

.

--.4
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portionof thecompressorannulus,theengineoperationwastoall .
appearancesstable,andovertherangeof coriditionsshownin fig-
ures12and13no surgewasencountered.As showninfigure12,the
over-sllslopeofthecompressorcharacteristiclines,althoughgreatly

.

differentfromthoseoftheunblockedhalf wasnegative(thatis,air
!flowdecreasesaspressureratioincreasesornearlyzero.These 2g

resultsseemto substantiatetheconclusionofreference5: thata
positiveslopeofthecompressorcharacteristiclinesmaybe necessary
beforeenginesurgecanoccur.

Compressorefficienciesforthetwocompressorhalvesarecompared
withthestandardcompressor-efficiencyvaluesforthethreealtitudes
infigure14. At15.000feet,thecompressorefficienciesforboth
halveswereaboutthesameand,wereabout2 percentlowerthanforthe
standardcompressor.Howeverjat45,000feet,theefficiencyforthe
stalledcompressor-halfwasasmuchas12percentlowerthanthestandard
compressorefficiency.Theefficiencyfortheunblockedcompressor-half
wasaboutmidwaybetweenthecurvesfortheblockedcompressor-halfand
thestandardcompressor.Theaccuracyofthesecompressorefficiencies. -
(computedby use of thepressuresandtemperaturesin eachcompressor,
half)wascheckedby twomethodsof calculationandwasfoundtobe
within2 percent.(Thealternatemethodof calculationusedisoutlined e

inappendixB.) Theefficiencyresultsthengenerallysubsttitiate
theconceptsoftheexistanceofthepreviouslydiscussedstallregions
inthecompressor.

Effecton combustorperformance.- Combustionefficiencyofthe
enginewithandwithoutblockagescreensinstalledisshowninfigure15
foroperationataltitudesof15,000,30,000,and45,000feet. Themaxi-
mumdifferenceincombustionefficiencyoccurredat30,000feetathigh
turbine-outlettemperatures.At thisaltitude,thecombustorefficiency
was3.5percenthigherfortheenginehavingblocka”gescreens,however, -
thedifferenceisprobablyofthesameorderofmagnitudeas theaccuracy
ofthedata. Itthereforeappearsthatthe6greenshadno significant
effecton theperformanceofthecombustor.

Effectonturbineperformance.- Infigure16 turbineefficiencies
foroperationwithamdwithoutblockagescreenssxeplottedagainst
exhaust-gastemperatureforoperationataltitudesof15,000,30,000,and
45,000feet. At 15,000feet,theturbineefficiencywasreducedonly
slightlyby theinletscreensjwhereasthereductionwasabout5 percent
at45,000feet.Atallthreealtitudes,thedecreasewasslightlylarger
athighexhaust-gastemperatures.Thereductionsinturbineefficiency
areattributabletothelargevariationsintheturbine-inlet-temperature
patternexistingwhentheblockagescreenswereinstalled. T-

Enginepumpingcharacteristices.- Theenginepumpingcharacteristics, “
withandwithoutblockagescreens,arepresentedinfigure17where

.
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. enginetemperatureratioisshownasa functionof ehginepressureratio.
Thedatashownareforan altitudeof 45,000feetjhowever,theresults
aresimilarataltitudesof15,000and30,000feet. In= cases,opera-
tionat a givenenginetemperatureratioresultedinmuchlowerengine
pressureratioswhenscreenswereinst~led.Thisreductioninpressure
ratio,whichwasfirstevidentinfigure10,resultsfromthereduced
aerodynamicefficiencyof theenginecomponents,andis reflected,of
course,inreducedenginethrust.

N
-1
Pm

.

Over-allengineperformance.- Infigure18,thenetthrustforthe
enginewithandwithoutblockagescreensarecomparedforoperationat
altitudesof15,000,30,000,and45,000feetforthesameaveragepres-
sureatthecompressorinlet.At alltheeltitudes,thelossinthrust
resultingfromtheunevenairflowdueto theblockagescreensinone
inletductvariedbetween20and25percentforeJltheexhaust-gas
temperaturesinvestigated.Theselossesin thrust reflectboththelosses
inaerodynamicefficiencyofthecomponentsandthereductioninairflow,
butas notedearlier,donotincludepressurelossesintheinletducts.
Althoughno datawereobtainedat theratedturbine-outlettemperature
(1600°R),itisobviousthatthrustlossesat thisconditionwouldbe
substantial.

Specificfuelconsumptiondatabothwithandwithoutinletblockage
screensarepresentedinfigure19. Theincreasein specificfuelcon-
sumptionresultingfromtheinletblockagescreensvariedbetween17and
23percentat allengineoperatingconditions.Inasmuchas theengine
combmtionefficiencywasnotsignificantlyaffectedby thescreens,
theincreasesin specificfuelconsumptionaredueto changesinaerody-
namicefficiencyofthecomponents.

Operationalcharacteristics.- Duringthenormaloperationofthe
engine,no significantchangewasnotedineitherthealtitudestarting
characteristicsor inaccelerationcharacteristics.Itwas,however,
impossibletoobtainmilitaryturbine-outlettemperatureat an altitude
of55,000feetanda flightMachnumberof 0.21withoutencountering
compressorsurgewhentheblockagescreenswereinstslled..Theoccurrence
of surgeat thisoperatingconditionwasattributedtothelowembient-
airtemperature.Fora giventurbine-outlettemperature,reducingthe
engineinlettemperatureresultedinan increaseincompressorpressure
ratiobecauseof theincreaseinenginetemperatureratio.Also,as
theengineinletairtemperaturewasreduced,thecorrectedenginespeed
increased.

Therelationof compressorsurgeto correctedenginespeedfor
operationatmilitaryratedturbine-outlettemperatureisillustrated
infigure20. Thedatapointsshowthecorrectedenginespeedatwhich
surgeoccurredWhenmilitarytaperatureandenginespeedweremaintained
whiletheinlet-airtemperaturewasreduced.Militaryturbine-outlet
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temperaturecouldthusbe obtainedintheregiontotheleftof thecurve,
however,intheregiontotheright,itwaspossibletoavoidcompressor
surgeonlyby reducingtheturbine-outlettemperature.Datawerenot
obtainedat altitudesabove43,500feetbecauseof a temporarylimitation
intunnelexhaustercapacity.Thevariationoftheengine-speedlimit
withaltituderesultsfromtheReynoldsnumbereffectonthecompressor
pressureratioanda possiblechangeinthesurgelimitofthecompressor.

.

CONCLUDINGREWIRKS a@
A severedistortionoftheinlet-airdistributiontoa turbojet N

engine,producedby screensinoneofthetwininlets,didrmt
affectthetotal-pressuredistributionatthe compressoroutlet,and
accordinglythecompressorpressureratiowasgreatlydifferentforthe
twohalves(blockedandUnblocked)ofthecompressor.Becauseof the
largedifferencein~essureratioandalsoinefficiency,largetempera-
turegradientsexistedaroundtheannulusat thecompressoroutlet.This
largecircumferentialgradientwasreflectedas variationsintemperature “a-
t boththeturbineinletandtheturbineoutlet.Althoughthecombustion
efficiencywasnotaffected,turbineefficiencywasreduced,particularly
athigh-temperaturelevels.Compressorefficiencywasreducedalso, *
apparentlyas a resultof theexistenceoflocalregionswithinthecom-
pressorwhichwereoperatingin stall..At an altitudeof45,000feet
anda flightMachnumberof 0.64,itappearedthatthecompressor~half
downstreamofthescreenmayhavebeenoperatinginstallforallturbine-
outlettemperaturesalthoughtheengineoperationas a wholewasstable.

As a resultof thereducedcomponentefficienciesandairflow,the
thrustwasreducedby asmuchas 25percentandspecificfuelconsumption
wasincreasedappreciablyat a givenexhaust-gastemperature.Operation
of theengineatmilitarytemperaturewasimpossibleat highcorrected
enginespeedsaboveanaltitudeofabout37,000feetbecauseof compressor
surge.

LewisFlightPropulsionLaboratory
NationalAdvisoryComitteeforAeronautics

Cleveland,Ohio,
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AHTU?DIXA

SYMBOLS

Thefollowingsymbolsareusedinthisreport:

thrust,lb

constant

enginespeed,rpm

totslpressure,lb/sqft abs.

staticpressure,lb/sqft abs.

totaltemperature,‘R

weightflow,lb/see

specificfuelconsumptionbasedon enginefuelflowandnet
thrust,(lb)/(hr)(lbthrust)

ratioof specificheatat conqtantpressureto specific
heatat constantvolume

ratioofabsolutetotalpressureat engineinletto absolute
staticpressureatNACAstandardatmospheresea-level
conditions

efficiency,@rcent

ratioofabsolutetotal
statictemperatureat
conditions

Subscripts:

a air

b burner

c compressor

● e engine

temperatureat engineinletto absolute
NACAstandardatmospheresea-level

f fuel.
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compressorinlet(4in.upstreamof compressorface)

co~essor outlet

turbineinlet --

turbineoutlet
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APPENDIXB

ALTERNATEMETHODOF CALCULATINGCOMPRESSOREFT’ICIENCY

13

As notedinthebodyofthereport,a methodwasdesiredto check
thevaluesof compressor,efficiencycom~teddirectlyina conventional
mannerbecauseof themeagerinstrumentation(notdesignedforthesub-
jectstudy)usedat thecompressoroutlet.

Whencritical.flowexistsintheturbine,thecorrectedmassflow
throughtheturbineremainsconstantandproportionaltotheeffective
areaoftheturbine.Thecorrectedflowisconstantforoperationat
maximumenginespeed,hence

(Bl)

Ifthesequantitiesaregeneralizedto engine-inletconditionsby the
useof thefactors5 sad E3,andthevalueof 2116isincludedinthe
constant,thefollowingequationisobtained:

If it isassumedthat
andthatthepressure

‘5—
‘2

m ‘2 (B2)

of thecompressor-outlet
follows:

theratioofairflowto gasflowisconstant,
dropacrossthecombustorisa constantpercentage

pressure,equation(B2)maybe rewrittenas

‘a* 1%

—s=K
D 3 (B3)
‘4
~

Equation(B3)thenprovidesa relationbetweenthe compressorpres-
sureratio,theturbine-inlettemperature,andairflow. Thevalueof
~ wasdeterminedfroma largequantityof dataobtainedpreviously
withtheundistortedinlet-ahpattern.Engineair-flowvalueswere
measured.Theturbine-inlettemperature‘5 wasdeterminedempirically
as a functionofthemeasuredturbine-outlettemperature.Therelation
betweenthesetwotemperatureswas examinedforseveraldifferentengines
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todeterminewhetherchangesincompressorefficiencywouldeffectthe
relation,however,no effectwasapparentforcompressorefficiency
changeaslargeas 0.10.By useof thevaluesof ‘5 thusdetermined
frompreviousperformancedata,equation(B3)wasusedtofindthecom-
pressorpressureratio.

Inasmuchastheenthalpyriseacrossthecompressorequalsthe
enthalpydropacrosstheturbinecorrectedfortheratioof airflowto
gasflow,theenthalpyandthereforethetemperatureatthecompressor
outletwasdetemd.nedby subtractingtheenthalpyriseacrosstheentire
enginefromtheturbine-inletenthalpy.Themass-flowweightedvalue
of compressorinletpressureusedmaybe definedas

Compressoradiabatic
ventionslequation

‘2,2‘a,L+ ‘2R‘a,Rp2=
w=

efficiencywasthencalculated

(B4)

by useofthecon-

.

t’
IN
4
g

(B5)

.
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